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Free-electron laser (FEL) Amplifier
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A now intense-beam free-electron laser experiment, operating as a short-pulse amplifier at 35 GHz, has demonstrated linear growth rates of 1.2 dfl/cm, total gain of 50 dB, and coherent emission of 17 MW, corresponding to an experimental efficiency of greater than 3%. Operating in the Compton regime, at very high voltages and low currents, these devices are characterized by extremely low single pass gains (-1%).
The purpose of this experiment is to test the predictions of theory for the collective FEL, optimize gain and saturated efficiency, and produce a powerful short-pulse source of coherent 35 GHz radiation. In investigation, the effect of interaction length on the power gain was investigated by progressively reducing the length of the axial field magnet in 6 cm decrements. The use of this procedure is discussed in detail elsewhere. 6 The results are shown in Fig. 2 configuration. 6 No sign of saturation appears in this data set, and the peak gain at L-72 cm is -50 dB. The true amplifier gain should probably be corrected upwards by an additional 6 dB, since only one circular polarization is expected to grow, while both are injected equally, and since only one linear polarization is detected.
The second data set was taken at an injected signal level of 8 kW.
In this case, clear signs of saturation appear, beginning at L=54 cm.
From that point onward, output power increases by no more than 50% over the next three 6 cm increments in length. Using the same best-fit
formula, a second line is drawn corresponding to Pin= 8 kW. It fits the remaining (unsaturated) data well. This result demonstrates that gain is a linear function of interaction length. It also demontrates that unsaturated output power is a linear function of input power, as expected in a true traveling-wave amplifier, over a factor of 200 variation in input power.
The functional relationship of unsaturated output power to input power is shown more explicitly in Fig. 3 . These data, taken at a fixed system length and at slightly higher voltage than the previous two data sets, show the input varied by a factor of almost 1000, from 8. In conclusion, we have demonstrated for the first time an extremely high power, high gain true FEL amplifier using an intense relativistic electron beam. In operation at 35 GHz, it has demonstrated coherent 7 amplification, with peak powers of -20 MW at >3% efficiency, high gain per unit length (-1.2 dB/cm), and very high total gain (.50 dB). We hope to further characterize and optimize its output in future studies. It is already a unique source of coherent short-pulse microwave radiation, and
shows the great potential of FELs as high gain amplifiers, and as powerful coherent millimeter-wave sources.
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